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Frequencies of chromosomal abnormalities, sister chromatid exchanges, and replicative index were
assessedfollowingperipherallymphocyteculture in 129individualsfromBhopal, India. Ofthese, 83persons
(40 male and 43female) had been exposed directly to the methyl isocyanate (MIC) gas afterthe accident at
theUnionCarbideplantonDecember2and3,1984. Theremaining46samplesweretakenfromage-matched
unexposed persons in the same city. Chromosome aberrations were recorded at first cycle metaphase (Ml)
and sister chromatid exchanges, at second cycle metaphase (M2), following standard schedule. The fre-
quency ofchromosomal aberrations was, in general, higher in individuals from the exposed populations,
with the females showing a higher incidence. Nondisjunction of chromosomes or laggard was rare. The
frequencies of sister chromatid exchanges and depression in mitotic and replicative indices could not be
relatedtoexposure orsex. Thepersistence ofchromosomal abnormalities intheformofreplicatingminutes
and exchange configurations, even 1114 days after exposure to the gas, may indicate a residual effect on
T-cell precursors.
Introduction
The disaster in the Union Carbide plant at Bhopal,
India, between December 2 midnight and the early
morningofDecember3, 1984, affected morethan 14,000
individuals (1). The inhabitants in the township ofBho-
pal were exposed in different degrees, depending on
their proximity to the plant and atmospheric factors. A
major lacuna in treating the exposed persons was the
lack ofadequate information on the toxicological effects
ofMIC (2). The unprecedented mortality and morbidity
rates initiated detailed studies in experimental animals
(3) and in some exposed individuals (4). The resultant
publications show the wide spectrum covered by the
toxic effects of MIC (1-4). Individual publications are
nowavailable onthe chemistry ofthereaction (5) aswell
asitsgenotoxicandclastogeniceffects onlaboratorytest
systems, rangingfromSalmonella, Drosophila, andmice
in vivo to Chinese hamster ovary cells in vitro
(6-8,11,12). Sister chromatid exchanges (SCEs) have
been reported in some exposed persons after the acci-
dent (4,9,10,13).
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Inthepresentcase, chromosomalanalysiswascarried
out in casesrandomly selected inthe exposed areaup to
1114 days afterexposure tothegasinordertostudythe
residual effects, if any, on the chromosomes.
Material and Methods
The 129 individuals studied were categorized into
those persons directly exposed with history ofexposure
and those who were not exposed, that is, residents in
neighboring areas where the gas did not spread. The
group ofexposed persons was chosenthrough arandom
computer-based selection of listed survivors. The con-
trolgroupwastakenfromtheunexposedpopulation and
was matched by age and sex.
Peripheral venous blood was collected in heparinized
vials and plasma was separated out by gravity sedi-
mentation. Afteranhour, leukocyteswereinoculated to
RPMI-1640 medium (GIBCO, Grand Island, NY), sup-
plemented with 20% heat-inactivated fetal calf serum
(SeraLab., England)andphytohemagglutinin(MForm,
GIBCO) at 0.2 mL/5 mL of culture.
Inthe setforthestudyofsisterchromatid exchanges,
6.0 ,ugof5-bromo-2-deoxyuridine (BrdU, SigmaChemi-
cal Co., St. Louis, MO) was added per 1.0 mL of the
culture medium in the dark to prevent photoinactiva-
tion.
FourculturesweremaintainedforeachsubjectintwoGHOSH ET AL.
replicate sets in the dark at 37°C. The period of incu-
bation was 48 hr for the study of chromosome aber-
rationsand72hrforSCEs;2hrbeforeterminationofthe
culture, colchicine (40 ,ug/mL) was added to each cul-
After furtherincubation for2 hr, cells were centrifuged
into pellets and treated successively in hypotonic solu-
tion (0.09% NaClindeionizedwater) andfixative (meth-
anol acetic acid 3:1) for 25 to 30 min at 37°C. The cells
were centrifuged and resuspended in fixative three
times. Air-dried slides were prepared and stained in
Giemsa according to the standard procedure (14-16)
with slight modifications as required.
The slides werecodedand scoredblindbytwoobserv-
ers. The parameters recorded in each subject were
(17-22): a) chromosomal abnormalities (including dam-
aged cells; total aberrations with and without gaps,
breaks per damaged cell) recorded in 100 first-cycle
scattered metaphases (M1) per subject; b) sister chro-
matid exchanges in 50 scattered complete second-cycle
metaphases (M2) persubject; and c) cell cyclekinetics in
200 metaphases per subject. Parameters included repli-
cative index (RI) and cellcyclemetaphases infirst (M1),
second (M2), and third (M3) cycles (23). The aberrations
forthe first three sets ofparameters were compared by
Student's t test between exposed and unexposed popu-
lations of both sexes.
Results and Discussion
Chromosomal aberrations were found to occur in sta-
tistically higher frequencies in the exposed group as
compared to the control, especially in female subjects
(Table 1). The types of abnormalities recorded were
chromosome breaks, gaps, dicentrics, rings, and tri-
radialandquadriradialconfigurations. Persistent, repli-
cating minute chromosomes and quadriradial con-
figurations were seen even after 1114 days (Figs. 1-4).
In general, the number ofbreaks per cell was higher in
exposed females as compared to unexposed ones. In
males the difference was not significant. These obser-
vations are contradictory to the record of the higher
incidence ofmicronuclei in male mice subjected to MIC
in vivo (7,8).
Table 1. Effect of methyl isocyanate-chromosomal aberration related to sex.
Number of Total Breaks/celia Aberration/
Sex Exposed type subjects Cells scored damaged cellSa + Gaps - Gaps damaged cella
Male Exposed 39 4141 5.77±1.99 0.072±0.024 0.064±0.023 1.27±0.32
Unexposed 20 1884 5.49±1.83 0.068±0.031 0.056±0.025 1.22±0.24
Female Exposed 43 3963 6.74±2.42 0.094±0.027 0.077±0.025 1.44±0.37
Unexposed 27 2336 5.46±2.16* 0.063±0.032k 0.050±0.021k 1.15 ±0.36t
Male Exposed 39 4141 5.77± 1.99 0.072±0.024 0.064±0.023 1.27±0.32
Female 43 3963 6.74±2.42 0.094±0.027k 0.077±0.025* 1.44±0.37*
Male Unexposed 20 1884 5.49±1.83 0.068±0.031 0.056±0.025 1.22±0.24
Female P 27 2336 5.46±2.16 0.063±0.032 0.050±0.021 1.15±0.36
aFigures are expressed as mean ± SD significant in Student's t test.
*p<0.05.
tp<0.01.
tp<O.OOl.
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FIGURE 2. Quadriradial and dicentric configurations.
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Table 2. Effect of methyl isocyanate-sister chromatid exchanges (SCEs) related to sex.
Total SCEs Range of SCEs/cell
Sex Exposure type Number of subjects Total cells scored counted Mean SCEs Mean + SD
Male Exposed 40 1537 15722 5.40 - 19.17 10.69 ± 3.41
Unexposed 19 925 10770 6.46 - 17.67 11.61 ± 1.92
Female Exposed 42 1473 15307 5.94 - 19.82 10.87 ± 3.49
Unexposed 26 1159 13796 6.60 - 23.39 12.54 ± 3.57
Male 40 1537 15722 5.40- 19.17 10.69 ± 3.41
Female Exposed 42 1474 15307 5.94 - 19.82 10.87 ± 3.49
Male 19 925 10770 6.46- 17.67 11.61 ± 1.92
Female Unexposed 26 1159 13796 6.67 - 23.39 12.54 ± 3.57
The frequencies of SCEs did not differ markedly be-
tween exposed and unexposed populations. In general,
the range was above the baseline ranges of4 to 14 per
cellreported earlier (24). Therange ofSCEs, numberof
breaks per cell, and percentage ofcells with SCE could
notberelatedtoexposureorthesexoftheperson(Table
2). These observations donotsupport anearlierisolated
report of increased frequency of SCEs in individuals
exposed to MIC during the Bhopal accident (10). In
another communication, no relation has been observed
to factors such as smoking, alcohol intake, and preg-
nancy (13). Thereplicativeindexwasnotaltered signifi-
cantlybetweentheexposed andunexposed populations.
The study indicates an apparent increase in the fre-
quency ofchromosomal aberrations in exposed females
1114 days after exposure to the gas. Since the selection
was made as double blind in order to facilitate indepen-
dent checks by two observers, the history and clinical
features (if any) of these cases have not yet been fully
related to the observations. The incidence of chromo-
somal alterations likedicentrics, rings, and quadriradial
configurations even after 1114 days may indicate per-
sistent clastogenic effects. Because the lesions induced
by chemicals are mostly S dependent for expression in
the subsequent divisional cycle, the damaged T-
lymphocytes may remain circulating for long periods,
and these aberrations can be observed only if the cells
are stimulated to divide in vitro (25). The results are
comparable to those obtained following exposure to p-
dioxane (26).
Some of the females with persistent chromosomal
aberrations have ahistory offetal loss, which may have
beentheconsequence ofexposuretoMIC. Noneofthem
has been exposed to any other known clastogenic agent
exceptasinglechestX-ray. Themajorityoftheexposed
females studied were housewives and the males were
day laborers.
At present the observations are not complete and
more needs to be done. In assessing the effects of ex-
posure to toxic chemicals such as MIC, the sex of the
subject and the physiological and nutritional status as
well as other compounding factors such as genetic com-
position have to be taken into account (27,28). The per-
sistenceofaberrationsevenafter1114daysindicatesthe
possibility of a higher susceptibility to chromosome
damage of persons exposed to MIC.
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